ABSTRACT
Introduction
Epidemiological studies carried out up to now evidenced a relationship between an increase of risk of cancer and the exposure to extremely low frequency electromagnetic field (ELF-EMF) [1] [2] [3] .
Otherwise, a few studies have examined possible effects of exposure to static magnetic field (SMF), particularly in relation to cancer, but the results have been inconclusive [4] . However, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) recommended an exposure limit of 40 mT for the general public [5] .
SMFs are generated in electric trains, where measurements performed by references [6, 7] reported SMF values up to 15 mT.
Measurements by the National Institute for Occupational Safety and Health (NIOSH) in various industries provided that electro-galvanizing processes and aluminium production can produce SMFs up to 460 µT [8] .
Public exposure to small artificial sources of SMF generally occurs from audio speakers components or battery-operated motors. We measured that the small magnets of headphones can produce SMFs up to 10 mT within two centimetres of their magnetic poles.
Furthermore, SMFs are usually used in research and in medical applications, such as magnetic resonance imaging, where scanned patients can be exposed to very strong magnetic fields up to 10 T.
In the vicinity of certain home appliances, the magnetic-field intensities due to ELF-EMFs can be as much as a few hundred microtesla, whereas in some workplaces can reach 10 mT, leading us to investigate the range of exposure to magnetic field around a few millitesla.
Exposure to ELF-EMFs from transmission and distribution lines has been proposed as a possible explanation for the association with childhood leukaemia [9] .
In spite of human and animal studies are of greater importance than cellular models for health risk evaluation, they cannot usually be used to investigate mechanistic events underlying the carcinogenesis processes.
In contrast, cellular or in vitro models can be useful for the investigation of many of the numerous molecular aspects of carcinogenesis.
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Neuronal-Like Cells Vibration Bands in the Mid-Infrared Region Some studies have shown no genotoxic effects after exposure to ELF-EMFs in several types of mammalian cells [10] [11] [12] . In contrast, other studies have shown genotoxicity in cellular models [13] [14] [15] .
Reference [16] reported increased cell proliferation, changes in cell cycle and increased DNA damage, in HL-60 leukaemia cells exposed to 50 Hz magnetic fields at 0.5-1 mT up to 72 hours.
Reference [17] exposed human lymphocytes to 50 Hz magnetic fields. Lymphocytes were first exposed to the ELF field for 24 h at 80 or 800 µT, and significant increases in the frequency of micronuclei and apoptosis were found.
Reference [18] investigated the effect of 1 h or 24 h exposure of Jurkat cells to a 5 mT, 50 Hz EMF, either alone, or with two genotoxic metabolites. No effect of 1 h exposure to magnetic fields was observed, whereas exposure for 24 h caused increases in micronuclei.
In further studies it was found that the maximum of damage was obtained in fibroblasts after 15-19 h of exposure to ELF-EMFs. After the peak of the damage, the effect declined within the next hours [19] .
Effects of exposure of human neuroblastoma cells to a 50 Hz EMF at 1 mT were investigated by [20] . They proved that a 24 h exposure significantly increased cell proliferation (+10%) and a 72 h exposure delayed the retinoic-acid-induced differentiation through increased cell proliferation and decreased expression of the B-myb protein.
Reference [21] studied the effects of ELF-EMF in synovial fibroblasts and neuroblastoma cells. No effects were found in nerve cells, but a decrease in the conductance of gap junction channels under exposure to 20 mA/m 2 at 60 Hz and a significant increase in intracellular Ca 2+ at current densities of more than 10 mA/m 2 were found.
Reference [22] exposed three malignant human cell lines (melanoma, ovarian carcinoma and lymphoma) to a 7 T uniform magnetic field for 64 hours. Exposure reduced the number of viable cells in each cell line by 20% to 40%.
Reference [23] exposed normal human neuronal cell cultures to a strong SMF of 0.2 T for a short period of 15 minutes. A change in morphology incorporation was observed indicating decreased DNA synthesis and consequent inhibition of proliferation. In contrast, non neuronal cells, showed no alteration following exposure.
Reference [24] showed that the exposure of a cellulose membrane to a SMF of 0.24 T produces a significantly enhanced rate of potassium ion transport which did not return to the initial basal level after exchange of the aqueous medium, suggesting that an irreversible change took place on the cellulose membrane.
These results led us to investigate the effects of SMFs and ELF-EMFs on human neuronal-like cells by means of Fourier Transform Infrared (FTIR) Spectroscopy, considering exposure intensity levels lesser than the exposure limits recommended by [5] .
The literature cited above provided characteristic parameters of time-exposures and EMF intensities of 3-18 hours and 1-2 mT, respectively, that were used in our study.
Materials and Methods

Cell culture and Treatment
Human neuronal-like cells were cultured in a 1:1 mixture of MEM and Ham's F12 medium containing 10% (v/v) heat inactivated FBS, L-glutamine (2 mM), sodium pyruvate (1 mM) and maintained at 37˚C in a humidified incubator with 5% CO 2 and 95% air.
Sub-confluent cells were washed twice with PBS then incubated in MEM/Ham's F12 medium containing 10 µM RA (10 mM in DMSO stock solution), 1% FBS, L-glutamine (2 mM), sodium pyruvate (1 mM). The medium was renewed every two days.
After 5 days of 10µM RA exposure, differentiated SH-SY5Y cells were exposed to magnetic field.
Experimental Design
The exposure system consisted of a couple of Helmholtz coils, with pole pieces of round parallel polar faces, to produce a uniform magnetic field at the center of the coils distance.
The coils were located into a incubator in a 5% CO 2 / 95% air humidified at the temperature of (37.1 ± 0.1)˚C.
A SMF was generated by the Helmholtz coils couple powered by a DC generator. Uniform intensity fields up to 2 mT were produced, much lesser than the exposure limit for SMF of 40 mT, recommended for public exposure by [5] .
Time-varying electromagnetic fields at the frequency of 50 Hz was generated by means of a AC voltage regulating up to 230 volt, which enabled us to provide the magnetic flux density of 1 mT between the polar faces of the coils.
Samples of human neuronal-like cells were placed at the center of the generated field between the coils located into the incubator (Figure 1) .
Control samples were placed into another incubator at the same physical conditions, maintained rigorously at the same values of air humidified incubator and temperature during the entire exposure.
The magnetic field intensity was continuously monitored by a magnetic field probe GM07 Gaussmeter of HIRST-Magnetic Instruments Ltd -UK (Figure 2) . 
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Infrared Spectroscopy
For FTIR analysis after exposure, neuronal-like cells (5 × 10 5 cells/ml in 25 cm 2 culture flask) were washed twice with PBS (pH 7.4), harvested with non-enzymatic cell dissociation solution, and resuspended in 50 µl of PBS. Then, this volume was transferred to a slide and air-dried for readings in the spectrometer Vertex 80 v from Bruker Optics.
Analogue techniques to disaggregate cells from the culture medium were used by [25, 26] .
The attenuated total reflection (ATR) method was chosen for spectrum collection.
The use of ATR for cells spectra collection in FTIR was enhanced by [27] because it regardless of sample thickness.
References [28, 29] showed that the absorption in the spectral region assigned to nucleic acids can change following apoptosis. Reference [30] confirmed that ATR-FTIR spectroscopy can be successful used for analysis and quantification of cells apoptosis.
Furthermore, ATR technique is the desired method to overcome solvent masking since the penetration depth of infrared light is inherently limited to a fraction of the wavelength estimated to be λ/10, permitting rapid secondary structure analysis on small volumes [31] .
For each spectrum 64 interferograms were collected and co-added by Fourier transformed employing a HappGenzel apodization function to generate a spectrum with a spectral resolution of 4 cm -1 in the range from 7000 cm -1 to 1000 cm -1 . IR spectra of air were subtracted from acquired spectra at the corresponding temperature to eliminate minor spectral contributions due to residual water vapor. However, a smoothing correction for atmospheric water background was performed.
The IR spectra were baseline corrected by means of automatic baseline scattering correction function, to subtract baselines from spectra, providing spectra with band edges of up to the theoretical baseline.
The spectra were successively area normalized for exposed cells and control samples and vector normalization was used, calculating the average value of the spectrum and subtracting from the spectrum decreasing the midspectrum. The sum of the squares of all values was calculated and the spectrum divided by the square root of this sum.
In addition, interactive baseline rubberband correction was used to minimize the water band contribution to spectra. This method also uses a rubberband which is stretched from one spectrum end to the other, and the band is pressed onto the spectrum from the bottom up with varying intensity. This method performs iteratively, depending on the number of iterations in the algorithm and the baseline as a frequency polygon consisting of n baseline points. The resulting spectrum will be the original spectrum minus the baselines points manually set and a subsequent concave rubberband correction. We used the default value of n = 64 baseline points and a number of 60 iterations. ATR spectra were smoothed by the Loess algorithm and the deconvolved spectra fitted with Gaussian band profiles. Initial values for the peak heights and widths were estimated from the deconvolved spectra.
In order to enhance fine spectral features, Fourier SelfDeconvolution (FSD) analyses of infrared spectra were performed.
The aim of FSD is to enhance the apparent resolution of a spectrum, or to decrease the line width. Spectral ranges comprising broad and overlapping lines can thus be separated into sharp single lines.
The following parameters were used: Lorentzian shape, bandwidth = 11.05, deconvolution factor = 2, noise reduction factor = 0.5.
Results and Discussion
Mid-Infrared spectroscopy using FTIR spectrometers is a consolidated analytical method for the characterization of molecular species in biological systems. Deviations from characteristic vibration spectra of cells or tissues can be due to the presence of abnormalities produced by external stress factors or disease states. Hence this technique was used to investigate the effects of exposure of neuronallike cells to SMFs and ELF-EMFs in the mid-infrared spectral region.
Typical spectra of cells exposed and not exposed to a SMF of 2 mT are shown in Figure 3 (a,b) after exposures of 3 h and 18 h, respectively. Significant changes in the exposed cells spectra were evidenced after 3 h of exposure to SMF in the region from 2800 to 3000 cm
, where an increase of both stretching vibration bands of CH 2 at 2925 cm -1 and 2853 cm -1 occurred after exposure (Figure 3 (a) ).The bands at 2925 cm -1 and 2853 cm -1 are due to asymmetric as CH 2 and symmetric s CH 2 stretching of methylene group, respectively, relative to the presence of lipids or proteins [32, 33] .
Bending vibration bands of CH 2 group at lower energies were observed to increase, as well.
Applying a statistical analysis (t-test) to the integrated area of s CH 2 stretching vibration bands of different spectra, we found that their increase was significantly different in comparison to controls (p < 0.001).
The observed increase of CH 2 content after exposure of 3 h to a SMF at 2 mT can be performed by an increase Neuronal-Like Cells Vibration Bands in the Mid-Infrared Region of the lipid content in the cellular environment.
The molecular mechanism underlying the CH 2 increase may be related to a slight decrease in cellular volume following extensive growth conditions [34, 35] .
In fact, a relative increase in the surface area of the cellular membrane can produce an augmentation of the phospholipids fraction in the biomass, corresponding to a major enrichment in CH 2 relative to CH 3 groups.
Further changes were observed around 1230 and 1080 cm -1 vibration bands after exposure, indicated by arrows in Figure 3 (a) .
They can be assigned to the phosphate absorption bands corresponding to the asymmetric stretching phosphate mode as PO 2 -and symmetric stretching phosphate mode s PO 2 -of phosphodiester bonds in nucleic acids, respectively [32, 33] .
The ratio between the integrated area of asymmetric and symmetric stretching PO 2 -bands of exposed samples and that relative to control samples decreased significantly (P < 0.01), suggesting that some alteration in DNA/RNA can be occurred after exposure to SMF.
Longer exposure up to 18 h to SMF provided lesser increase of CH 2 stretching vibration bands, as can be observed in (Figure 3 (b) ). 
Nevertheless, the spectral analysis after 18 h of exposure revealed a shift of the peaks of amide I and II regions and an increase of the β-sheet contents at 1635 cm -1 (indicated by arrow in Figure 3(b) ) comparing exposed and not exposed spectra.
The amide I band centered at about 1645 cm −1 (which arises from the amide C═O stretching vibration and N-H bending mode) and the amide II band, centered around 1545 cm −1 (arising from vibration modes of C-N-H bending and C-N stretching due to peptide groups in all proteins) provide main informations about the overall protein secondary structure in the cells [36] .
The amide I and II regions after exposure of 18 h to SMF were zoomed in and represented in Figure 5(a) , where the relative increase of the β-sheet contents at 1635 cm -1 with respect to the α-helix component, significantly different in comparison to control (p < 0.05), was enhanced and indicated by arrow.
This result indicated a change in the overall protein conformational state within the cell, that could be due to a denaturation of proteins during apoptosis or, alternatively, to different distribution of proteins and unfolding process and formation of aggregates [37] .
Exposure of 3 h of neuronal-like cells to a 50 Hz EMF at the magnetic flux density of 1 mT was carried out.
A representative spectrum in the mid-infrared region is represented in Figure 4 .
It appears that the intensity of both stretching vibration bands of CH 2 at 2925 cm −1 and 2853 cm −1 increased strongly and significantly for exposed samples (p < 0.001).
The analysis of exposed spectra in the amide I region revealed a loss of the α-helical and short segment connecting α-helix segments content and an increase of the β-sheet component at 1635 cm −1 relative to the α-helix, as can be clearly observed in Figure 5(b) , where the amide I and II regions were zoomed in.
Applying a statistical analysis (t-test) to different exposed and control samples, the β-sheet/α-helix ratio of the integrated areas (exposed/control) of their vibration bands provided an average value of 1.29/1.13, which demonstrated a significant increase of the β-sheet content with respect to the α-helix in the proteins secondary structure (p < 0.05).
Another relevant change observed in the mid-infrared region after the exposure to ELF-EMF is represented by the increase in intensity of the band around 1740 cm -1 , indicated by arrows in Figure 4 and Figure 5(b) . This band can be assigned to non-hydrogen-bonded ester carbonyl C═O stretching mode within phospholipids, whose increase gives further evidence of a dying cell state as suggested by [38, 39] .
The integrated area of 1740 cm -1 band of exposed samples increased significantly with respect to control after exposure (p < 0.001). This circumstance can be performed as the C═O ester carbonyl groups of lipids in the cell are becoming predominantly non-hydrogen bonded, which would be in agreement with an eventual oxidative damage having occurred [40, 41] .
Previous FTIR spectroscopic analysis of dying cells has shown that two main characteristic spectral signatures can be assumed as indicative of death [42, 43] : the increase of the amount of β-sheet content in the secondary structures around 1630 cm −1 (that produces the shift Copyright © 2011 SciRes. JEMAA
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Conclusions
The effects of static magnetic field and 50 Hz electromagnetic field on neuronal-like cells were investigated in the mid-infrared spectral region by means of FTIR spectroscopy in Fourier self-deconvolution.
Exposure of 3 hours to a uniform magnetic field at the intensity of 2 mT produced a significant increase in intensity of CH 2 methylene group vibration bands, which may be associated with an increase of lipid content related to an increase of the surface of the cellular membrane. In addition, a decrease of the PO 2 -phosphate bands was observed, suggesting that alteration in DNA/ RNA can be occurred after exposure. Further exposure up to 18 hours produced an increase of the β-sheet/α-helix ratio in amide I region due to unfolding processes of proteins.
Exposure of 3 hours to a 50 Hz electromagnetic field at the magnetic flux density of 1 mT provided that signifycant increases of the amount of β-sheet content and of the band around 1740 cm −1 (assigned to non-hydrogenbonded ester carbonyl stretching mode) occurred after exposure, which may be considered as the main characteristic spectral signatures assumed as indicative of cells death.
However, further research is needed to understand the relationship of metabolism and cellular functions with exposure to electromagnetic magnetic fields.
